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setting and 39 Hz at the 50 Hz setting. The corresponding peak-to-peak amplitudes of the vibrations, computed by integrating the measured acceleration twice with respect to time, averaged 1.3 mm at the 30 Hz setting, 1.1 mm at the 40 Hz setting and 0.9 mm at the 50 Hz setting. These new data verify that the accelerations used in our study were, as intended, well within the normal biological range and similar to the accelerations experienced during moderate physical activity, such as walking. 2 It must be further considered that the peak accelerations experienced by a living animal on a vibrating platform will differ from those of the platform itself. If the animal behaved as a rigid body, its downward acceleration could not exceed 1 G. Thus, at the settings used, the animal would become slightly airborne (o1 mm) during each cycle as the platform rapidly slows its ascent and then descends. However, an animal's body is not rigid. The viscoelasticity inherent to the structure and constitutive materials of the body can act to prolong the contact of the animal with the platform and to attenuate the peak accelerations experienced. Although these peak accelerations cannot be calculated easily, they can be measured using an accelerometer, as has been done by Christiansen et al. 3 We, therefore, attached the miniature accelerometer to the skin over the greater trochanter of an anesthetized rat lying on its contralateral side on the Pneu-Vibe platform, and performed the same measurements as described above. Peak downward accelerations at the greater trochanter ranged from 1.0±0.0 G at a nominal setting of 30 Hz to 1.3 ± 0.1 G at the 50 Hz setting, whereas peak upward accelerations ranged from 2.0 ± 0.0 G at the 30 Hz setting to 2.7±0.1 G at the 50 Hz setting. Corresponding peak-to-peak amplitudes of greater trochanter motion ranged from an average of 1.2 mm at the 30 Hz setting to an average of 0.6 mm at the 50 Hz setting. Again, the measured accelerations are well within the normal biological range. Furthermore, the amplitudes of greater trochanter motion were both small relative to the size of the rat and less than or equal to those of the platform (consistent with the smaller peak downward accelerations of the greater trochanter). These results should alleviate Christiansen's concern that the rats in our study were being subjected to extreme loading conditions.
Stress
In our study, 1 whole-body vibration reduced weight gain in skeletally mature rats. It did not cause, as stated by Christiansen, weight loss. Furthermore, the effect was specific for adipose tissue. Whole-body vibration had no effect on lean body mass. This is known with certainty because a baseline control group was included in the study. The mechanisms that mediate the reduced weight gain observed in our study have not been established. However, because the two experimental groups (control and vibration) consumed the same amount of food, the observed differences in weight gain were most likely due to a net increase in energy expenditure in the vibrated group. This postulated increase could be due to an increase in nonshivering thermogenesis or increased activity. The latter is thought to occur in humans during vibration. A plausible underlying mechanism involves activation of postural muscles in response to vibration. 4 Christiansen advances the hypothesis that 'stress' was the mechanism for the weight differences observed in our study, but does not evoke the same mechanism for the similar body composition changes observed by Rubin et al. 5 in a study in which mice were subjected to low-amplitude vibration. The Rubin study, which was published well after the completion of our study, also came to the conclusion that whole-body vibration reduces the accumulation of adipose tissue without having a negative impact on lean body mass. We would, therefore, argue that the underlying mechanisms leading to the similar results in the two studies are likewise similar. High levels of stress are associated with weight loss, including reductions in adipose tissue, muscle and bone mass. 6, 7 However, neither objective data nor subjective observations suggest excessive levels of stress in our study. The objective data included measurement of food intake, which, as noted, was not influenced by whole-body vibration. Food consumption is an extremely sensitive measure of stress, and stressed animals exhibit reduced food intake. Additionally, the body composition changes were specific to adipose tissue. Increased stress would be expected to have detrimental effects on all tissue compartments, including bone and muscle, which we did not observe. On the basis of our experience, behavioral changes are also sensitive indicators of stress. The animals groomed regularly, including while on the vibration platform. Also, the controls were subjected to the same housing conditions, were identically transported to the room where the vibration was performed and were exposed to similar noise levels during vibration. Additional subjective assessment of the animals is described in our article. 1 The animals in our vibration study experienced negligible physiological stress due to handling and experienced accelerations imparted by whole-body vibration that are within the normal physiological range. However, neuroendocrine factors and neurotransmitters which mediate the effects of pathological stress are also increased and play a role in mediating the body's response to increased levels of physical activity. These normal physiological responses may play a role in mediating the biological response to whole-body vibration. This postulated physiological adaptation differs greatly from the pathological stress response postulated by Christiansen.
Conclusion
On the basis of the measured peak accelerations and vibration amplitudes, we believe that the experimental protocol used in our study to model the effects of wholebody vibration on body composition was reasonable. Furthermore, because the force experienced for a given acceleration is proportional to an object's mass, the protocol is relevant to humans as well as rats. We believe that our original interpretations of the results of our study are valid; low- 5 and high-amplitude signals 1 are effective in reducing fat mass accumulation in rodent models without negatively impacting lean body mass. We conclude that the potential of whole-body vibration as a weight control strategy in humans is worthy of further investigation.
